Ground improvement with granular piles increases the load carrying capacity, reduces the settlement of foundations built on the reinforced ground and also a good alternative of concrete pile. The present analysis is done to study the response of a non-homogeneous floating granular pile in homogeneous soil based on the elastic continuum approach. Using finite difference formulation of pile displacement matrix with elastic continuum approach, numerical solution for the top displacement, normalised shear stresses and percentage of load transferred to the base are obtained for non-homogeneous floating granular pile. The granular pile base is assumed to be smooth, across which the load is uniformly distributed. Granular pile is discretised into 'n' cylindrical elements acted upon by shear stresses,, and with the base having a uniform pressure, Pb. The soil displacements of the nodes on GP periphery and the centre of each element are evaluated based on the influence of the elemental shear stresses. Satisfying the compatibility of vertical displacements of the granular pile and the soil, solutions are obtained in terms of interface shear stresses and base pressure.
Where Egp(z) is the deformation modulus of the granular pile. The relative stiffness parameter is defined as the ratio of the deformation modulus of the granular pile at ground level to that of the soil i.e., Kgp0 (= Egp0/Es). The analysis is based on finding out the stress system, {}, along the soil-granular pile interface and the base stress, pb, which satisfy the compatibility of displacements along the interface for no slip or yield condition [2] .
The basic assumptions in the analysis are: 1.) The base of stone column/granular pile is assumed to be smooth and rigid across which the load is uniformly distributed [3] . 2.) The disturbance effects in the in-situ soil due to the installation of granular piles are ignored and considered as homogeneous. 3.) The settlement of granular pile depends on its deformation modulus and geometry besides the magnitude of load. Based on the various studies the consideration of non-homogeneity of granular pile is appropriate and close to in situ behaviour. Non-homogeneity of granular pile is considered in terms of its deformation modulus with the linear to non-linear variation.
The essential steps of the analysis are as follows-
A. Soil Displacements:
Soil displacements equations for a floating granular pile are
Where {S s } and { s } are soil displacement and normalised soil displacement column vectors respectively. { s } is of size (n+1) for floating granular pile. {/Es} is a column vector of size (n+1) for the normalised shaft stresses and normal stress on the base. [I sp ] is a square matrix of soil displacement influence coefficients of size (n+1) for displacement of n number of nodes on periphery of shaft of granular pile and (n+1) th base node on centre due to influence of each 'n' number of shaft stresses on n nodes and base pressure of (n+1) th node based on Integration scheme of Mindlin's equation.
B. Pile Displacements:
Granular pile displacements are obtained as given by Gupta P et al. [4] . GP displacements for nodes i=1 to (n+1) are expressed as
Where [I pD ] is a square matrix of size, (n+1) of pile displacement influence coefficients and {Y} is a column vector of size, (n + 1).
C. Compatibility Of Displacements
Satisfying the compatibility of vertical displacements of the granular pile and the soil, solutions are obtained in terms of interface shear stresses and base pressure. For a floating granular pile, from Eqs.
(3) and (4); 
Where [U] is unit matrix of size (n+1). Normalised shaft shear stresses and base stress are calculated from equation (5). By putting these values in equation (3), normalised settlement of shaft elements at their nodes is calculated. By fitting third degree parabola, normalised top settlement of pile can be evaluated with normalised displacement of first, second and third node on periphery of shaft. The top settlement of single non-homogeneous granular pile is obtained as
Where Isp is settlement influence factor which depends on various parameters related to granular pile and soil. The overall response of the non-homogeneous granular pile is evaluated in terms of settlement influence factor, normalised shear stress distribution along GP-soil interface and percentage of load transferred to the base.
III. RESULTS AND DISCUSSION
Results are obtained for the following ranges of non-dimensional parameters: Kgp = Egp/Es = 10-1000, α= 0-4, δ=0-4, νs=0.5, L/d= 10-40. The results obtained in this analysis have been validated with those of Mattes et al. [2] for single compressible floating homogeneous piles (α=0, δ=0). The agreement has been very close as shown in the Table (1). Figure 3 .depicted that with the increase of relative stiffness parameter, Kgp, settlement influence factor, Isp, decreases for all values of non-homogeneity parameter, α. The percentage reductions in settlement influence factors for Kgp =100, δ=0 and α=1, 2, 3, 4 in comparison to the value for a homogeneous granular pile (α=0, δ=0) are thus 4.7, 8.4, 10.9, 13.1 respectively for L/d=10. Similarly for Kgp=1000, δ=0 for α=0,1,2,3,4, the percentage reductions in settlement influence factors in comparison to the value for a homogeneous granular (α=0,δ=0) are 9.1, 16.5, 22.8, 28.3 respectively. The relative stiffness is defined as the ratio of modulus of deformation of GP to that of soil. The settlement of granular pile mainly depends on its deformation modulus. Figure 4 shows that the percentage reductions in settlement influence factors for Kgp=100, (δ=2) for α=1, 2, 3, 4 in comparison to the value for a homogeneous granular pile (α=0, δ=0) are thus 3.8, 6.8, 9.0, 11.0 respectively. Similarly, for Kgp=1000, (δ=2) for α=1,2,3,4, the percentage reductions are 6.9, 12.7, 18.0, 22.6. With increase in non-homogeneity parameter, δ from 0 ( Fig 3) to 2 ( Fig 4) the rate of decrease of settlement increases. The trends are similar to those shown in Figure 4 . For a given degree of non homogeneity parameter,α, a longer GP would have a relatively smaller modulii at all depths compared to a shorter one. A consequence of the above fact is that the effect of degree of non homogeneity on settlement influence factor Isp decreases with increasing values of relative length L/d.
Figure 5. Variation of Settlement influence factor, Isp with relative stiffness, Kgp for floating GP-effect of non-homogeneity parameter, α. (L/d=20)

Figure 6. Variation of Settlement influence factor, Isp with relative stiffness, Kgp for floating GP-effect of non-homogeneity parameter, α. (L/d=20, δ=2)
In Figure 6 the percentage reduction in settlement influence factors at Kgp=100, for α= 1, 2, 3 and 4 in comparison to that of a homogeneous granular pile (α=0, δ=0) are 5. 2, 9.17, 12.4 and 15.15 respectively. Similarly, for Kgp=1000 for α=1, 2, 3, 4 the percentage reductions are 3.65, 6.8, 9.7, 12.3 respectively. The rate of decrease of settlement influence factor, Isp with relative stiffness, Kgp in short granular pile is slightly more due to higher values of deformation modulus of granular pile at shallower depth.
Figure 7. Variation of Settlement influence factor, Isp with non-homogeneity parameter, δ for Floating GPeffect of relative length, L/d. (α=0) Figure 8. Variation of Settlement influence factor, Isp with non-homogeneity parameter, δ for Floating GPeffect of relative length, L/d. (α=2)
The decrease in settlement factor with non-homogeneity parameter, δ for all values of Kgp is less for longer granular pile in comparison to a shorter granular pile. The same trend had been reported by Madhav et al. [3] in variation of settlement influence factor, Isp and non-homogeneity parameter, α with effect of relative length, L/d. The effect of relative length (L/d) of floating granular pile on settlement influence factor Isp with the degree of non homogeneity (δ) is presented in Fig 7 for Kgp= 50. As can be expected the settlement influence factor decreases with the increase of δ. The rate of decrease of settlement influence factor, Isp with non-homogeneity parameter, δ, in case of short granular pile is slightly more due to higher values of modulus of deformation of GP at shallower depths. Figure 9 presented that with the increase of non-homogeneity of GP, shear stress decrease with depth in the upper portion of GP approximately over half of its length and increase in the lower half of granular pile. Figure 11 shows that the percentage base load is increasing with increase in linear non-homogeneity parameter, α and for shorter granular pile percentage base load is higher in comparison to longer ones due to the granular pile being stiffer at shallower depth for the same degree of nonhomogeneity parameter.
IV. CONCLUSIONS Formulation of pile displacement matrix for non-linear variation of deformation modulus is developed using finite difference technique. Using finite difference formulation of pile displacement matrix with elastic continuum approach, numerical solution for the top displacement, normalised shear stresses and percentage of load transferred to the base are obtained for non-homogeneous floating granular piles. The reduction in settlement of a floating non-homogeneous granular pile with respect to settlement of homogeneous granular pile are in range of 10 to 15% depending on degree of non-homogeneity and relative length of granular pile. With the increase of relative stiffness parameter, Kgp, settlement influence factor, Isp, decreases for all values of non-homogeneity parameter, δ. By observing the variation of settlement influence factor, Isp and relative stiffness, Kgp it can be said that with increase in length of pile, rate of decrease of settlement is decreasing as nonhomogeneity increases. Non-homogeneity of granular pile affects the variation of shear stresses along granular pile -soil interface with depth. Depending on degree of non-homogeneity the shear stresses along granular pile -soil interface get transferred from the top to lower portion of the pile and to the pile base. The percentage base load is slightly more in case of shorter granular pile compared to longer ones due to stiffening of granular pile at shallower depth for the same degree of non-homogeneity.
